Since the decline of the widespread supplementation of the diet with vitamin D, the demands of the physiological growth spurt for extra vitamin D in adolescents already on a borderline intake may be responsible for the great increase in "biochemical" rickets. Once the growth spurt is over the condition subsides but the results ofimpaired growth or permanent pelvic deformity will not necessarily be eradicated.
Introduction
Previous reports on osteomalacia or rickets occurring in immigrants have emphasized the almost exclusive affliction of Asians (Dunnigan et al., 1962; Benson et al., 1963; Ford et al., 1972a) . Since an earlier report (Swan and Cooke, 1971) giving findings in 25 Asians seen in Birmingham, a further 45 patients with osteomalacia or rickets have been referred to the nutritional and intestinal unit. Of these 70 patients 34 were aged 11 to 19 years and all except three were attending Birmingham schools, with two being West Indian, two white, and the remainder Asian. This predominance of Asians suggested the need for a survey covering Asians, white, and West Indian children to establish whether in an unselected population there was any significant difference between the races in regard to levels of serum alkaline phosphatase or the incidence of rickets. In addition, the occurrence of asymptomatic but radiologically severe rickets in children of one of the present patients ( fig. 1 ) made such a survey essential.
Methods
The head teachers offive comprehensive schools were approached for the names to 17 years. The purpose of the proposed investigation was explained by letter to the parents and their permission sought to take blood samples from their children. This was given by about halfofthose approached and this proportion did not vary between the schools. The schools were visited by a team of doctors, nurses, and medical students. Pupils who had parental permission were checked for birth date, weighed and measured without shoes, and 25 ml of blood was withdrawn without the use of a tourniquet. In all, 569 schoolchildren were examined consisting of 227 Asian, 185 whites, and 157 West Indians. The blood was separated into three aliquots, for haematological (haemoglobin, red and white cell counts) and biochemical (calcium, alkaline phosphatase, albumin, globulin, bilirubin, glutamic oxaloacetic transaminase, iron, sodium, potassium, and urea) assessment, and for serum vitamin B1, and folic acid measurement.
Children with serum alkaline phosphatase levels of 30 K.A. units or greater were asked to attend hospital with their parents. At this second visit the blood examination was repeated, together with determination of serum 5-nucleotidase levels in most. The parents and children were interviewed for symptoms, diet, previous illness, and country of origin. Radiographs of the chest, wrist, knee, and pelvis were taken. Also, each child, while remaining on his usual diet, collected his urine for 24 hours which was analysed for calcium, creatinine, and total hydroxyproline. The children were then given calciferol 1-25 mg daily, and seen monthly for rechecking of height, weight, and laboratory findings. The unexpected size of the problem compelled the follow-up to be limited. Thus, only 133 (53% of those with alkaline phosphatase more than 30 K.A. units) were treated, being those that were seen earliest in the survey. Those seen later were not followed-up or treated.
Haematological examinations were carried out by the haematology laboratory (Dr. Andrew Pollock) using a Coulter counter (model S). Bloods were also checked for other abnormalities including leucopenia, sickling glucose-6-phosphate dehydrogenase deficiency, and other abnormal haemoglobins. The biochemical estimations were performed in the biochemical laboratory (Dr. Barry Northam) using autoanalyser methods (Roberts, 1966) . Alkaline phosphatase was determined by a modified Kind and King (1954) Response to Calciferol.-Of the 133 pupils from the school survey started on treatment 46 boys and six girls had been followed for at least five months at the time of writing. Their response to therapy as reflected by levels of serum alkaline phosphatase is shown in fig. 5 , and compared with the response obtained with a similar dosage of calciferol in 20 boys and 10 girls of the total of 70 who presented separately with proved rickets (based on bone biopsy and/or Looser's zones and raised alkaline phosphatase). Non-specific symptoms of lassitude, muscle weakness, aches, and pains as described by other workers (Prineas et al., 1965; Thomas, 1967; Ford et al., 1972b) were relieved by therapy, often in a sufficiently striking manner to be commented on by their teachers. A full report on the results of therapy will be presented when the follow-up study is completed.
Discussion
Serum alkaline phosphatase is well recognized as a screening method for the presence of osteomalacia or rickets. In adults, the range of normal values are well established but evidence on the normal range to be expected in adolescent children is scarce. Sereny and McLaughlin (1970) could find only one reference work in which it was suggested that the upper normal limit was 20-25 K.A. units. They studied 55 healthy boys aged [12] [13] [14] [15] [16] and found a range between 5 and 47 K.A. units with a mean of 20 and 95% confidence limit between 5 and 35 units. Belfield and Goldberg (1971) Round's (1972) Hydroxyproline reflects turnover of skeletal collagen and is closely related to growth rate (Tanner et al., 1966 (Smith and Dick, 1968); Zorab (1969) found the upper limit of excretion in 14-year-old boys on a gelatin-free diet to be 206 mg/24 hr, while 150 mg was the upper limit noted by Jasin et al. (1962) . The fact that the diet in this survey was not meat-free or gelatin-free will increase the values. Even so, 30% of the schoolchildren had abnormallv high values, greater than 250 mg, and only 30% had less than 150 mg a day. In some children calcium was virtually undetectable in the urine and was less than 50 mg/24 hr in 53% of those examined. Radiological investigation showed that 24 (18%) of the 133 children investigated-that is, a minimum incidence of 42% of the original 569 children-had rickets. In this group of 133 schoolchildren, who all had raised alkaline phosphatase levels, there was no statistical correlation between the presence of radiological rickets and the increased hydroxyproline excretion, low urinary calcium, or the levels of alkaline phosphatase. Nevertheless, the conclusion that most if not all of these children with serum alkaline phosphatase levels above 30 K.A. units might have rickets seems justified.
This suggestion is supported by the response to vitamin D therapy. This was variable, with some children, especially the girls, showing striking response and others taking up to six months oftreatment before there was a consistent and progressive fall. Even so, the mean values at the end of six months of the 46 boys who had been followed up so far were essentially the same as those seen in 20 proved rachitic patients not in the school survey who were similarly treated ( fig. 5 ). The disappearance of clinical symptoms, the existence of which was not always appreciated before therapy, and the effect on growth rates was particularly noticeable. We have not been able to uncover other causes for the high alkaline phosphatase, for the normal 5-nucleotidase values make hepatic disease unlikely and only isoenzymes of bone were detected in those sera examined.
In considering the aetiological factors, our results show no significant difference in serum levels of alkaline phosphatase among Asian, white, and West Indian children. It is of interest, however, that children with radiological rickets were mainly Asian. The similar incidence of biochemical rickets in the three racial groups studied suggest that factors such as skin pigmentation (Loomis, 1967) and dietary phytate (Ford et al., 1972b; Wills et al., 1972) are not the whole explanation. An alternative hypothesis that the aetiology is different in each race seems improbable. There is a significant difference in each age group studied between the levels of alkaline phosphatase in boys and those of girls. This difference seems unlikely to be due to the later puberty in boys as there is still a significant difference between the older boys and the younger girls, suggesting that there is a sex factor concerned. This suggestion supports Childs et al. (1962) who, in their analysis of the report by Follis et al. (1952) concerning the prevalence of rickets in children up to the age of 2 dying of any cause, found a significantly greater incidence in boys than girls (P < 0-001).
The amounts of foods containing vitamin D consumed by the three races was much the same in each race and appeared adequate by usual standards, with the exception of some of the Asian girls. Of these Asian girls with serum alkaline phosphatase above 40 K.A. units, all but one were vegetarian (often the only one in their family to adopt this diet) and all did have a deficient intake of vitamin D. It was apparent from interrogation of the schoolchildren that the habit of giving cod-liver oil or its equivalent to the older schoolchildren has stopped. The Ministry supplements of cod-liver oil for mothers and young children supplied through welfare clinics was discontinued in 1971 (to be replaced by vitamin A, C, and D drops) but the amounts given out each year had already dropped from Since this survey shows such a high incidence of rickets, whether radiological or merely biochemical, one must question whether the sample studied was representative either in the schools themselves or of the whole school population. We believe that in the schools the children, although self selected, were representative of their respective classmates-particularly as some of the patients with rickets referred to us were also pupils at these schools. They have not, of course, been included in this survey. Clearly, other schools with different social backgrounds will need studying before figures can be obtained to calculate the true incidence of rickets in Birmingham. Nevertheless, we believe from our experience of the children with rickets referred to the unit, and who came from different schools and backgrounds, that rickets will be found in all schools to a greater or or less degree, and that the re-establishment of the custom of taking regular vitamin D supplements through the first decade into the teens wi-ll need to be considered.
Our thanks are due to Dr. E. D. Millar, medical officer of health, City of Birmingham; to the head teachers and their staff, for their willing help and co-operation; to Drs. R. Astley, D. K. M. Toye, and P. Jacobs, consultant radiologists, United Birmingham Hospitals, for their independent assessment of the radiographs; to the laboratory staff of the haematological and biochemical laboratories of the General Hospital; and to Mrs. Rosemary Tudor, for the efficient organization of the equipment for the survey.
